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Introduction

S;gl;trzggggii h}ilrso?econclie one of the biggest f:halh?nges for the sustai‘nable
faced b O Qnge droughts and desertification are among the issues

1 by Indian hot arid zone where the rural poor and smallholders are most
heavily affected. If people are to survive in these ever harsher conditions, their
“ropsneed to withstand drought, high temperatures and poor soils. Cactus crops
o€ gaining increasing interest across the globe, in particular cactus pear or
Prickly pear {Opuntia ficus indica (L) Mill.} because of its unique
Characteristics which provide resilience to the harsh ecological conditions. Cactus

d high as W€

5ear I able to grow on land where no other crops are able to gr(?“;j; it Cifh:s
eSEd to restore degraded land. It is the only crop that can be relie onlacean
"tything else fails. Cactus pear is grouped as CAM plant (Cre;rs;ltls e
adcld MetaboljSm), a photosynthesis mechanism evolved In Son:e iicthe leaves
e P t.a ton to arid conditions. Ina plant using full CA_&M,. the stoma 2n - aight o
Coflfllaln shut during the day to reduce evapotranSp}rat}on, bu(t1 254 rbon acid
m et Farbon dioxide (CO.,). At night carbon dioxide is stor¢ lasts where it is
coalate I cell vacuoles. Thze malate is tranSPOI'ted " Ghlorogfphotoﬂ)”“hCSiS
(T'nVerted back to CO during day which isused in the procefjsbUt b Cﬂpaci!y
tolng, 198s), The cac?tus pear plants though shalloW rOOtef yourable climatic
Cozd'sorb and store water in its parenchyma ever undzr L(;n f?nd Tuits. Besides,
Itiong d : . 0 poth clad0 e srature 18
. ue : nin mper
Pecylia, ad to high mucilage prof:lUCth Il as low tmlqlziodcs i
becayge f'clpta‘uons to water scarcity an o covering O € e
fryjy Ol reduced leaf tisstes and cuticular ¥ fruit is a1 OV0 g seeds
bery Haces. (Saras ctus pear rany ba"
| Y, wigh (Saroj et al, 2017). The ca 4. in generab T g, purple
‘ generan a thick pericarp and a juicy pulp 4" ¢ colours; suchd
L 7 Knownas tuna, The fruits are of differe”
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orange, yellow and green in colour which show the presence of var;
antioxidants. The high sugar and low acid blend of the fruit makes js dela'lrl.ous
and palatable. The pericarp of ripe fruits accounts for 33% to 5 5%, Whillcel(:}l:s
pulp is 45% to 67%, and seeds 2% to 10%. The pulp is the edible part Ofthe
fruit and is composed of water (84% to 90%) and reducing sugars (10% tg
15%). The pH value of fruits ranged (5.3 to 7.1) and the very low acig;
(0.05% to 0.18% in citric acid) of the pulp, which strongly influences e
processing operations. Sugars range from 10°Brix to 17°Brix and are mainly of
the reducing type (Russel and Felker, 1987; Stintzing et al., 2003). Cactus cladode
(nopal) is rich in pectin, mucilage, minerals, polyphenols, nicotiflorin, vitamins,
polyunsaturated fatty acids (palmitic acid, oleic acid, linoleic acid, linolenic acid
etc.) and amino acids (glutamine, leucine, lysine, valine, arginine, phenylalanine
and isoleucine). The nopal contains antioxidants and various flavonoids,
particularly quercetin 3-methyl ether, a highly efficient radical scavenger.
Chemical characterizations of nopal have studied by several workers and
reported that it contains vitamins and minerals. Dehydrated nopals contain high
levels of potassium content. Considering the lactose intolerance in certain parts
of the population, nopals could be an alternative as source of calcium. Cactus
nopal pulp has numerous compounds (dietary fibre, vitamin C, phenolic
compounds) with the potential to provide important benefits like intestinal,
cardiovascular, hepatic health, antioxidant activity and cancer prevention. T_he
fresh young pads so called nopal are excellent source of proteins including
essential amino acids and vitamins. The value added products of cactus pear
could also supplement to nutritional security and human health. The succulent
vegetative parts are called as pads or cladodes which are modified stem (Kumar
etal.,2017).

he feed

The propagation and cultivation of spineless varieties may provide { when

stuffs to domestic animals during summer season in arid ecosystems, s
there is lack of forage/grass due to harsh climatic conditions. Even tOda)iﬁfy In
pear is treated as underutilized crop in India, though it has multiple utla ai'nst
general, no special treatments (fertilizer application, pruning and treatme?:-vgtion.
pests and diseases) are necessary for cactus establishment and c-uhllnent on
Supplemental irrigation may be applied during early period Ofesmbhi ing
first year. Cacti are ready for commercially use after 3- 4 years Ofpd:cades.
well managed cactus orchard can remain productive for about 4-3

Present status in India and global scenario paturdl

- . and :
Cactus pear is now-a-days part of the agricultural SYStemsl ‘i unti®
environment. The most important economic species in the WorS ain, Sicily:
ficus-indica (L.) Mill. Presently, it is grown in Mexico, Malta, 5P
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Cultivation of Cactyg

Jaly, Greece, Libya, Tun'isia, Morocco, Algeria, Lep,
Arabia, Yemen, Israel, Chile, Brazil, Turkey, France Builon
Cyprus, United States (Kauthale et al, 2017), Th, "
cultivation is presented in table 1.

r,i SSI’)H&, Egypt, Saudj
o a, Ortugal, Albanig
a Covered under cactus,

Table 1: Current world scenario of cactus cultivation

[
gN.  Country
Cultivated areq (000 ha)
{.  Brazil \
2. Tunisia 600
3. Mexico o00
4. Morocco 230
Algeria 159
6. Italy 10
7. Other South American Countries ;2
8. Other North American countries 16
Total 1891

Source: International Cactus Pear Workshop: Development of a cactus pear agro-industry for
the Sub-Sahara Africa Region Bloemfontein, South Africa, 27-28 J anuary 2015.

It can be found growing well from sea level to 5100 meters above sea level in
Peru and from Canada to Patagonia and Argentina. The first record of modern
cactus pear cultivation techniques using the best varieties were found in Mexico,
Zacatecas, San Luis Potosi, Aguascalientes, Jalisco and Guanajuato in the 1940s
aqd 1950s. Cactus pear is now the most reliable and even profitable option for
Whilizing rainfed semi-arid lands in the semi-arid regions of central Mexico. It 'is
the crop of choice over corn or dry beans in areas exposed to drought, while n

;lé?};ﬂy improved areas, it supplemented the income of the growers (Joshet al,
)

Cultivateq of cactus pear was started long back in many countries of the world

UL In Indja, jts commercial cultivation is yet to start. In India 33 Opuntta Cllon:

Were introduced by Dr. Peter Felker, Texas, USA at the Nimbkar Alglztfgrgtlirve

re:SEarch Institute at Phalton, India in 1987 as a part of an Indo-US Cowell i
ueh Programme on Opuntia. All the introduced clones grown

: rted
Semi g _— e htra and it was 1€po
that 50 e agro-climatic conditions of western Maharalsl i (Kauthale gl

2017),?;? Cloneg produced fruits also (Singh, 200'3.)2'1]'51initiate dby Central Arid

Zong ... 2tthe research stage with limited field trl e el distric oF
Gujarate.seaTCh Institute (ICAR- CAZRI): Jodhpl,lr ﬂnd n ol Center for

1 . ternatio , .
Agricm 1 few select areas with the support of 10 prehenswc work

1
Oy Wral Research in the Dry Areas (ICARDA)- The gzﬁmber “fimported
ElCCeSSiOrT VaS started by NARI with the collection chfoci)ts logical end. During
5 However the ursued (o
work could not be P
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the last two decades the research was conducted by many pyblic e
Institutes in India especially those are working in arid agricultura] o O researe,
outcome of this work is yet reach to the farmers. | OPS, but the

Recently, in India the research work on Cactus pear has been yp
various Research Institutions viz., ICAR-CAZR], Jodhpur g

ICARDA, ICAR-CIAH, Bikaner ICAR- IGFRI, Jhansi, ICAR- CSSRI, Kama]
Field adaptation trials on farmer’s field are being cond : '

ucted through JCA
programme by CAZRI and in Bundelkhand region by o Gl

, : ; IGFRI and CAFR;
NDDB actively involved in spreading cactus among dairy farmers of Gujarat

(Kauthale ef al, 2017). Trials on planting seasons and irrigation management
with cactus in various cropping models are in progress at CAZRI. Recently,
research work on planting methods, performance of various accessions, exploitation
and uses of vegetable type cactus (Kumar ef al » 2017) and biomass production,
was made at CIAH, Bikaner, CAFRI, Jhansi and CSSRI, Karnal. BAIF
Development Research Foundation, Pune, a non-government organization initiated
a comprehensive work on Cactus with the financial support of NABARD in
2015. The initiative was to cultivate this new crop on the farmer’s field after
standardizing the production technology with the aim to cultivate cactus for food |
and fodder, but later on the research at BAIF was focused mainly on Prov1d1ng 2 |
alternate fodder crop to the farmers living in arid and semi-arid regions of India
and to address their livelihood issues (Kauthale et al, 2017).

dertaken by
Upporteq by

Advance approaches for cactus cultivation

no al
Micropropagation technique of spine-less, vegetable type ?a;tgggp(elfir; 1£2)
cactus) was standardized by ICAR-CIAH, Bikaner recently in 25 done under
and its morphological and nutritional evaluation (Table 1&127) w
green house conditions (Saroj ef al, 2017; Kumar et al., 20 )

) tus peﬂr
Fig. 1&2: Tissue cultured plants of nopal cac
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Table 1 Morphological observations on nopal Cactus pear (vegetable type

)

—
Soial/ Plant Number of  Number of Days required Weight of

adode/plant  cladode/ Length  Width of
Number 01(04.02'1; 7 lant edtici)lr:zf:ge nggi'cll)ll at  of nopal nopal
(4/3/17) stage (eg ) (cm)  (cm)
! 17 22 23 3632 165 8.0
2 16 22 18 22.52 12.0 6.5
3 16 23 23 39.34 16.7 9.0
4 18 21 18 33.20 13.3 )
5 22 29 19 30.73 13.7 75
6 25 31 18 2221 12.0 6.4
7 11 16 24 46.31 18.0 8.7
8 08 11 23 36.94 16.0 7.0
9 19 23 20 27.86 15.4 6.0
10 14 19 19 23.61 13.0 7.0
Average 16.6 21.7 20.5 31.90 14.66 7.63

Table 2: Nutritional evaluation of vegetable type cactus pear

>N Nutrient content Unit
L. Moisture content 91-93 %
2 Dry matter 7-9 % | |
3. Ash content 13-15 % (dry weight basis)1 % (wet weight basis)
4, Mucilage 15-22 % (dry weight basis) |
> Total phenolics 4.5-7.0 mg/g (dry welght‘bams)
6. Flavonoids 200 pg/g (dry weight baZlS)- |
i S18
" Total Antioxidant Activitymg 10-16 pg/g (dry weight 22
Equi. vit Clg (dry wt.) //
Estah: .
Ablishment of green house unit I (CAR-C] AH&
% ' techn! : han
BikaneS ocessful development of tissue culturg iched (FIE 3). Since deélfore
0f ¢] ' agreen house unit of cactus has been est ng day by day. Ther

e are Odes of vegetab]e type cactus pear is increas e ion
“ClAl establishing a field repository 1 op
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o

il " e i %

Fig. 3: Green house unit established for tissue cultured cactus pear genotype
Field evaluation of different cactus pear genotypes

The cultivation of vegetable type (nopal cactus pear) for human consumption s
depends on selection of the spineless varieties. The most important species for
nopgles production is Opuntia ficus-indica (L.) Mill. Now-a-days, it is parts
Ofkl.tc.hen or family gardens in arid and semi-arid regions due to nutritional and
medicinal properties. Therefore, field evaluation of this nopal cactus is being
carried out with other cactus pear existing germplasm at CIAH farm (Fig-df&
table 3). Five genotypes of cactus pear were evaluated under field condition
fos ﬁe?d establishment, sprouting, growth, flowering and fruiting. The dat2
regarding these observations is presented under here in tabular form.

8

4:

A J L L@ a . o8

Flg. N CAR'CIAH, B

F- . ) ) > ; =
leld planting of different genotypes of cactus pear at |
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ra

Cladode, flower and fruit variability In cactus pear genotypes availap]

V‘ . ' - ‘mal feed
A field view of clone 1271 and their cladodes suitable for anima

= N

. D , tion an
Solan collection 1 their cladodes, flowers, fruits suited for fruit produc
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Fig. 5: Variabili i
ility of different cactus pear genotypes existing at [CAR-CIAH, Bikaner

Earlie

from 'lr"el;irsezlf e:;f aen) CVEllluated 51 clones of cactus which were obtained

while clone 1 3295 atkCIAH, Bikaner. Clo.ne 1308 was sprouted first (24" day)

ranged from 66 800 135 days for sprouting. The average cladode weight was

Biheredatier 3 yon to 1300 g Only 3 clones (1269 1270 and 1271) were
years of planting but fruiting occurred in clone 1270 and 1271.

Sin .
ghand Singh (2001) conducted a study on growth, cladode yield and quality
limatic conditions and reported

Ofv

thategztable type cactus under Agra (UP) agro-¢ '

attribh ne 1308 (vegetable type) was better in all growth, yield and_qua!lty
eePillites than the Nopalea type. Planting 0 _West direction

pant, Clgad}/ 3 portion under the soil significantl

' 0de length, early sprouting and biomass

iSaf
odder and fruiting type cactus pear (Singh ef a*

Very

“YTecently at : table type ¢4
th y at CIAH, Bikaner, 30 plants ccllf1 ;Z%ehad +eon planted in the field
0 ted first than

Wit M
| ang. ev;‘:;tAbu Collection, clone 1308 an v
e i Eiowihiand survival Cos 13((1) inv:l,z«;r field condition an

'_Ef.rowﬂg,e;‘f" types. Plant survival was observed g0° o
' clone 1269 was found better than other genotyP=

f cladodes in East
y increasedt n

—

= . inthed :
0 al beneflts of cultivating cactus peal' o food crop: ESI: :
a

iy
hque Pear is cultivated for about hundfeds Ofyea:jrse asalo
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and canned or pickled nopales exported to particularly Southwestern United
States and Texas. Opportunities of several econo

mic products such as fruit,
squash of fruit, pickle, ready to serve drinks, colot

It from fruit and cochineal,
cladodes for culinary and salad were prepared at ICAR-CIAH (Fig. 6, 7 & 8),

Bikaner and demonstrated to several beneficiaries which can saf

isfy the product
diversification need, increased shelf life and improved human health.

Salad
Mix vegetable

AH, Bikaner
Fig. 6: Culinary exploitation of spineless, nopal cactus pear at CIAH,

- = its,
Fig. 7 Syrup, minimal processed nopal, fresh frui

cochineal insect (7 plate) for dye

H, Bikaner
preparation and fruit squash made at CIA
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Fig. 8: Cochineal insect reared on nopal cactus, cochineal for dye preparation (in plate) and
cochineal dye

Economic returns

It has been proved from the intensive R&D efforts made at ICAR-CIAH,
Bikaner that cactus pear can be cultivated successfully in arid region with
enhanced nutrition and income from the different products of nopal cactus
pear. Further, round the year production can be taken under low cost greet
house condition. Under greenhouse, nopales can be harvested regularly at an
interval of 15-20 days with an average yield of 1.5 kg tender nopales perp =
per year. Thus, the farmer can get regular income from this crop. pr-ehmmary
studies indicated that Rs 150 to 200 per plant per year may be obt.amed ﬁmﬁ
different fresh products of vegetable nopales, fruits and processed items (S;‘;r

as squash, RTS, pickle, jam, candied products efc.) from a full grownp lmg; =

3-4 years of planting. Thus, a farmer can get an income of Rs 500 to 6ﬁt cﬂst

square metre area under green house condition with an estimated bene

ratio of 3:1 (Kumar et al, 2017).

Future scope and research need for cactus cultivation ting food

Cactus pear traditionally has been used as a valuable h.calth pro?;eral uses
crop and also has applications in pharmaceutical industries. It has i
and immense potential to be the food of future. Cactus onents S
several countries and contains important nutritional and hea.lth cOn;ﬂi)s increaSif‘g
betalains, polyphenols and dietary fibre. Although, human mterelfnow
with the fruits, recently research also has been carried out tOb 2 genefated'
bioactive components and functional properties which have Zste ’

There are so many future uses of the cactus have be"jn SU88 ace and ""dﬁ
nopal pulp use for the production of shampoos, conditlollcf?:)n. actl‘s-’ulc
lotions, soaps, hair gels, sun protectors and bio-ethanol Produc g
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